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POPULAR EXPOSITION 



OP 



THE EFFECT OF FORCES APPLIED TO 



DRAUGHT. 



OF THE RESISTANCE TO DRAUGHT ON 
LEVEL ROADS, OR FRICTION. 

If a level surface were perfectly smooth and fi^e from 
obstacles, a body resting upon it would oppose no re- 
sistance to horizontal motion, how heavy soever it 
might be. On such a sur&ce a ship of the line would 
yield to the power of a child, as a planet is deflected 
from its usugl orbit by the slightest adventitious force* 
It is superfluous to say that such a surface cannot exist 
in nature ; but it is not so to add that it is the business 
of all road-making to approach to it as nearly as 
possible* 

All surfaces are more or less covered with obstacles, 
consisting generally of particles or portions of the mat* 



ter composing them ; which either lie loosely and irre- 
gularly, as stones upon a common road ; or, forming 
the superficial particles of a homogeneous aggregate, 
they present a fixed and uniform a^ay, as on the 
surface of an iron rail, however smooth it may appear. 
It is of little importance to our present subject to form 
conjectures concerning the shape of the obstacles on 
surfaces of the latter description, where they are nearly 
beyond the perception of our senses: it is of no con- 
sequence whether we suppose them spherical, with 
Parent ; or angular, with Euler : all that we are con- 
cerned in, is their effect in forming resistance to 
Draught, and the laws of their operation in so 
doing. 

The resistance to the motion of bodies, arising from 
the obstacles on surfaces, is termed. Friction. When 
two surfaces are rubbed together, it is plain that the 
friction opposed to their sliding upon each other will 
be, in the first place, proportionate to the height of 
the obstacles upon them, or their degree of rough- 
ness ; and, in the second place, to the amount of force 
that is applied in pressing the surfaces together, and 
consequently interserrating their obstacles, or causing 
them to crush or grind each other in the attrition. 
The above is termed Sliding Friction or Friction of 
Attrition* There is another description of friction 
called Rolling Friction^ which is the resistance attend- 
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ing the rolling of a cylinder, or cylindrical wheel, over 
a level surface. This also is in proportion to the 
weight of the rolling body : but of it I shall take far- 
ther notice, when treating of wheels. There is a third 
kind of friction ; but of this, as it has nothing to do 
with the subject of th6 essay, I refer the reader ' for 
farther notice, to the Appendix. 

Friction, then, is the product of the gravity or weight 
of bodies in Draught, and the obstacles on the sur- 
faces or roads on which they are drawn. Now the 
gravity or pressure of any weight upon a surfece is 
equal in equal times, whatever may be the extent of 
surface over which it is drawn in such times : which 
means that if it be drawn over one foot of surface in 
one minute, over two feet in the next minute, and 
over three feet in the third minute, its pressure on 
each point of the surface will be one half in the second 
minute, and one third in the third minute, of what it 
was in the first.* 

From this it follows that, on a homogeneous surface, 
the friction of a body moved is equal in equal times ; 



* A familiar example of this law is afforded in the case of boys slid. 
iDg on ice ; when they may frequently be seen to slide or ron rapidly 
oyer pools, on which, if they walk or stand still but for an instant, the 
ice giyes way with them. 



8 



or it diminishes in relation to the space described, as 
this increases in relation to the time occupied.* 

This law of friction has been established by the ex- 
periments of Vince, Coulomb, Amonton, and others, 
and its results must be esteemed as of the highest in* 
terest and importance; for it follows necessarily, that 
a power operating in draught has the same amount of 
friction opposed to it in a given time, how great soever 
the extent of space moved over in that time : and hence 
if any power were constant at all velocities, like that of 
a weight descending towards the earth, it would be 
capable of accelerating indefinitely the speed of any 
draught that it could set in motion, provided there 
were no resistance firom the atmosphere or other cause, 
beiudes the fidction of its driaight on a uniform surface. 
But no such power can exist either in animals or in 
machines. 

When such authorities are named as Coulomb and 
Vince, a simple statement of the foregoing law might 
well be thought sufficient. But as I know that doubts 



* Hence horses as well as men discoyer from experience that, when 
a particularly soft and difficult pass occurs on a road, their draug^ht is 
brought Uirough it with much greater ease if they increase their speed ; 
6»r the shorter the tune spent in moving over it, the less is the depth to 
which the wheels sink% 
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are still entertained on this subjecti at least with respect 
to the friction of wheel carriages, I shall add the results 
of some experiments that were made by myself on the 
friction of Vfrheel carriages ; and also those of a few 
relative to the friction of machines. In this place, how- 
ever, I shall only state, that I found the results of my 
experiments concerning wheel carriages, to be, without 
exception, confirmatory of the law above laid down; 
and I refer the reader to the Appendix for a description 
of the method by which they were obtained. 

Numerous experiments have been at different times 
made on the friction of wheel carriages on railways, 
by persons employed at collieries ; and the results 
of these experiments have always conformed to the 
above law; but with the exception of some that were 
made by Mr N. Wood with a dynamometer, the 
moving power employed has been the gravity of the 
carriages themselves, operating in their i^ntaneous 
descent of inclined planes. Now, however ccmclusive 
and satisfactory such experiments may be deemed by 
those to whom sul^ects of natural philosophy are 
familiar, to some the idea may seem rather con&sin^ 
that the power and the resistance should be embraced 
in the same body. In mine there was no such source 
of incredulity, for the power was that of a weight de- 
scending from a pulley; and though the scale of the 
experiments was thus necessarily limited, they will per- 



10 



baps be viewed as the most convincing by the superficial 
observer. 



OF THE MECHANICAL ADVANTAGE DERIVED 

FROM wheels- 
Were it not for the friction upon roads, wheels 
would be quite unnecessary, and all carriages might be 
employed like the sledges that are used on ice and 
frozen snow. When a wheel is employed to give 
mechanical advantage in the raising of a weight, by a 
rope winding round its axle, it operates as a system of 
levers, by which the advantage of the power over, the 
weight , is as the diameter of the wheel to that of the 
axle : here the velocity of the power must bear also the 
same ratio to that of the weight, and this is a disadvan- 
tage. But when the wheel is applied to a carriage, its 
effect becomes a sort of mechanical paradox; for the 
same advantage that is gained by it in p<»wer is also 
gained in velocity ; it causes the weight to move with 
the same speed as the power, or it increases J:he speed 
in the same degree that it diminishes the resistance. 
If the bottom of a sledge were similar in surface to the 
axles generally used, and if it were drawn along a road 
similar in surface to the axle boxes of wheels, and hav- 
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ing the same unguent applied, then would the amount 
of its friction be precisely the same as that which takes 
place between the axles and the boxes of wheels. The 
degree of this friction varies with the different materials 
of which axles and boxes are composed, and with the 
different unguents that are applied to them : it has been 
found to amount to about -^ of the weight of the body 
drawn, and to less and more according to circumstances. 
But whatever be its quantity, it is plain, that, when a 
carriage moves upon wheels, the space over which each 
axle rubs in its box in a given time must be as much 
less than that through which the carriage moves in the 
same time, as the circumferences of the wheels are 
greater than those of the axles, or the diameters of the 
wheels than the diameters of the axles ; for the space 
described by the carriage is that rolled over by the 
wheels, and one revolution of the wheels is attended 
with one revolution of the axles. If the friction, then, 
of the axles without wheels would, in rubbing over a 
surface similar to that of their boxes, be equal to ^ of 
the weight of the carriage, the friction, by the applica- 
tion of wheels of 15 times the dimensions of the axles, 
would be reduced to j^ X ir = the ^5 part of the weight 
of the carriage ; or with respect to the friction of axles, 
the resistance of the carriage on a level would be to its 
weight as 1 to 225. I pound of power becomes thus 
equal to 225 pounds in draught; or the mechanical 
advantage derived from the wheels is as 225 to 1. 
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The wheel has, however, to overcome also the rolling 
friction of its own circumferelice on th^ ground. In 
this again it operates as a system of levers; and that 
point of its circumference which meets the gromid, or 
any obstacle upon it, becomes the fulcrum, while the 
centre is always the point at which both the power and 
the i^esistance are applied. Now if any obstacle on the 
ground, as (O, Fig. 5,) is so high, that the right line 
C L, passing from the centre of the wheel to the point 
at which the circumference meets the obstacle, and 
representing the lever, forms equal angles with the line of 
application of the power C A, and with the line of the 
loads bearing C F, then are the advantage of the power 
and that of the load in a state of equality; and the 
power must consequently become at least equal to the 
whole pressure of the load upcm the wheel, before it can 
drag it over such obstacle : and in every case the advan*^ 
tage of the power from the wheel, is to that of the load, 
as the angle A C L to the angle F C L, or as the sine 
of A C L- to the sine of F C Li The mechanical ad- 
vantage derived from wheels is thus greatly modified by 
the nature of the roads on which they are employed, 
and as the height of an obstacle always forms the dif- 
ference between the sine of the angle A C I^ and sinus 
totus, when the bearing of the power is horizontal ; it 
becomes eligible, on rough roads and pavements, to have 
the bearing of the power, or the line of draught, rather 
elevated from the whed[*s centre, even, though, to attain 
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this, the height of the wheels must be diminished, and 

the friction of axles increased. By our increase of 
skill in road making, and in the. construction of 
wheels, considerable mechanical advantage has been 
obtained over the resistance of friction. It is, however, 
remarkable, that although progressive improvements 
had been made upon wheels, it seems to have been 
scarcely imagined, till the time of Macadam, that some- 
thing was still to be gained on stone roads by the 
removal of the obstacles themselves, as well as by the 
improvement of the means of surmountmg them. The 
friction of coaches and carts upon stone roads, has been 
commonly considered as equal to about-^ of the draught,* 
and thus the mechanical advantage becomes as 80 to 1. 
On the best Macadam roads, however, I should con- 
ceive the friction to be not more than ^ of the draught, 
when the road-metals are in a solid state ; or the me- 
chanical advantage as 85 to 1. 



* Tbe dnught is always iuider8too4 to include the weight of the carriages. 
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OF THE MECHANICAL ADVANTAGE ON 

RAILWAYS. 



On a railway the rolling friction of wheels may be 
viewed as nearly altogether destroyed, for the lever is 
then always represented by the line C F, (Fig. 5.) with 
the fulcrum continual^ at F ; and as C F is here also 
the line of bearing of the load, the leverage of the load 
becomes nothing; at the same time the advantage of 
the power is the greatest possible, for its Hne of bearing 
A C, is, or ought to be, nearly at right angles to the 
lever C F. The friction on a railway then consists 
solely of thiat of the axles of wheels. 

I 

The mechanical advantage on a railway has been 
generally considered as about 7^ times that upon a 
common road; say, 80 X 7^ = 225: thus 1 pound of 
power will drag 225 pounds, or a horse will drag on a 
level railway 225 times the weight with which he pulls. 
The friction of carriages on railways has been variously 
stated by different individuals, but Mr Nicolas Wood, 
an engineer of great experience in such matters, states, 
in his " Treatise on Railways," that on edge rails the 
friction of carriages, such as are generally employed, 
having wheels from 11 to 13 times the dimensions of 
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their axles, is seldom less than j(^ df the draught; and 
he considers ^ as about an average. As this agrees 
closely with the result of my own observatiotts, I shall 
adopt ^ as the proportion of friction to any draught on 
a level edge rail ; 200 to 1 then becomes the mechanical 
advantage of any power upon a level railway. Hence 
1 pound of power will drag 200 pounds. A horse will 
drag 200 times the weight with which he pulls; and 
universally, the draught of any power on a level railroad 
is equal to the power multiplied by 200« 

The firiction or resistance of any load upon a level 
being determined, I shall, now point out the degree in^ 
which the resistance is augmented when a level is de- 
parted from, and a draught is bi:ought to ascend an 
inclined plane. 

When a body is placed on an inclined plane, it has, 
by the law of gravity, a tendency to descend the plane. 
This force of gravity bears just the same proportion to 
the whole weight of the body, that the height does to 
the Jength of plane. Were there no such thing a^ 
friction on an iiy^b'ned plane, any heavy body would 
spontaneously descend it, how slight soever the degree 
of inclination; but in the actual state of things, a body 
will be at the point of spontaneous descent only when 
its gravitating impulse becomes equal to its resistance of 
friction on the plane. 
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It is thus evident, that in the ascent of a slope we 
have the friction and gravity of a draught acting in con- 
junction to form resistance to its motion, but that in 
descending we have them in opposition to each other; 
the friction remaining, as in all cases, a resistance^ 
while the gravity becomes an impelling agent down flie 
plane. 

It is as a resistance that we are at present to view the 
gravity of a draught In order to find the amount of 
this resistance, we have to midtiply the given draught 
by the elevation of plane, in fractions of its length. For 
example: — a draught of 1000 pounds on an inclined 
plane of I in 100, has a resistance of gravity = lOOO 
X ife = 10 pounds. 

On an inclined railway, the whole resistance of any 
draught consists of its gravity added to its friction, or 
(G + F.) 

The friction of a load is diminished in proportion to 
the elevation of plane ; but this is too trifling a quantity 
to be taken into account in practice. ^F) may therefore 
be esteemed a constant quantity = ^ of the draught, 
while G varies with the elevation of plane; and the 
resistance (R,) of any draught (D,) on any inclined 
plane (E,) is always R = F + D x E. When the 
power employed on a railway is not susceptible of 
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increase, the draught to be adjusted to any elevation 
must evidently be diminished in the same proportion in 
which its resistance would be increased, if it were placed 
on the inclined plane; thus, if a horse fully loaded on 
a level were to arrive at a slope on which the resistance 
of his draught would be doubled, he could ascend with 
only one-half of such draught. 

The general rule for adjusting the draught of any 
power to any elevation will consequently be, to mul- 
tiply the draught on a level by its friction, and divide 
the product by , its friction added to its gravity— the 
whole resistance it would have on such elevated plane. 
Adopting the initial letter of each term we may state 
the rule thus • 

F 
Rule 1st. D X jr-j— zs- = D Q or draught required. 

* - 

The following rule for ascertaining the draught of 

any power at any elevation, and with any amount of 

mechanical advantage, is more comprehensive and 

simple in the working. It may be stated — 

M A 
^^^^•PX l + (MAxE) = PQ- 

P is the power employed ; D Q, the draught required ; 
E, the elevation of plane ; M A, the mechanical ad- 
vantage of a power expressed by 1. 
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Oa a railway M A being eqtud to 200, this formula 



i8alwaysPx ,^(;g;^^^ =:DQ, 



HORSE POWER. 

Th£ rules for estimating the ei&ct of any power being 
given, our next step shall be to investigate the opera- 
tion of horses when they are employed as the moving 
agents in draught. 

We have very different accounts of the power of 
horses from different individuals : this, indeed, is little 
to be wondered at, since there is not only great variety 
in the sizes, but also in the breeds and crosses of these 
animals, attended with nearly equal variety in power, 
speed, and energy. The power of a horse is stated 
by Watt to be = 150 lbs. at the speed of 2^ miles 
an hour — ^by Desagulier, 200 lbs. at 2^ miles an hour 
dining 8 hours — by Hachette, 140 lbs. at 2^ miles 
an hour — by Smeaton, about 150 lbs. at S miles an 
hour during 8 hours — by Mr James Jessop, London, 
at from 4 to 5 cwt. for the greatest power, and 150 
lbs. for daily work ; and Mr Josias Jessop saw a horse, 
with his greatest exertion, drag 4^ cwt. out of a pit, 
by means of a rope over a pulley. 
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But by far the most satisfactory, because the most 
circumstantial) information on this subject, is given by 
Mr N. Wood, in his treatise, ahready noticed. After 
mfuch observaticHi and numerous experiments, Mr 
Wood found, as an average, that a horse, weighing 
about 10 cwts. is capable oi dragging on a railway, 
10 tons; or of exerting a power of 112 lbs., during 10 
hours daily, at the rate of 2 miles an hour ; making 
20 miles a day ; the horse preserving at the same time 
his health and condition^ I adopt Mr W.'s estimate 
of a horse's effect upon a railway, because it cor- 
responds nearly with the results of observations of my 
own* On a railway in the West of Scotland, the 
horses average in weight from 7 to 8 cwt. each ; they 
drag from 7 to 8 tons during 8 hours a-day, at a speed 
of from 2 J to 3 miles an hour : their weight bears the 
same ratio to their load as that of Mr Wood's horses ; 
in this respect, then, they are equal to the latter; but 
otherwise they have rather the advantage in effect; for 
multiply the speed by the time 2^ x 8 = 20 effect 

or S X 8 = 24 

Mean = 22 

Whileby Mr W.'s account it is 2 x 10 = 20 * 



* To exhibit the comparatire effects of two horses, I woald multiply 
together the power, speed, and time of working of each horse, and 
divide the product by his weight. Indeed we may, for the formation 
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The horses I describe being the property of -the 
persons who drive them, their condition is far inferior 
to that of English draught horses in general; and 
the quality of their food is no doubt equally so. 
It seems generally admitted, indeed, that the Scotch 
draught horse is a more serviceable animal than 
the English, in proportion to size and food con- 
sumed. At his utmost speed a horse cannot, of course, 
drag any thing; and the amount of his draught de- 
creases progressively from his lowest rate of motion 
upwards. Upon the result of his experiment, that a 
horse works with a power of 112 lbs. at 2 miles an 
hour, Mr Wood founds the following formula for 
determining his working power at every rate of speed. 
He makes V = velocity; 224? lbs. is then the power 

224 
at 1 mile an hour, and- vy ~ or 224? divided by velocity, 

the power at any other rate of speed. We have another 
formula for the same purpose from Professor LesUe, 
stated thus, (12-V)', V representing miles an hour; 
which means substract the number of miles an hour 
rom 12, and multiply the remainder by itself for the 
power in lbs. The deductions from each formula are 
as follow: — 



of the product to be divided by his weight, include amoug the factors 
any number of known circumstances capable of influencing the profit- 
able effect of horses— such as food consumed, durability, &c. 
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TABLE I. 



Speed in miles 


an 


Power by Wood's 


Power by Leslie's 


honr. 


i 


formula. 


foramku 


1 


■ 


224 


131 


2 


d 


112 


100 


3 




74f 


81 
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56 


64 


5 


■ 


44J 


49 


6 




37i 


36 


7 


■ 


S2 


is 


8 




28 


16 


9 




24| 


9 


10 




22^ 


4 


11 




206 


I 


12 




18i 


'0 



Of the above results, those from Mr Leslie's formula 
are generally, perhaps, nearest the truth, if the time 
of working under each is to be considered the same, 
and of considerable duration. Yet are they far from 
strict accuracy, for 12 miles an hour is much under 
the speed at which most horses could drag nothing; 
and it is a rate at which no horse could move unloaded 
during nearly the same time that he could move at the 
inferior rates of speedy with the corresponding exertions 
of pawi^» 



The deductions from Mr Wood's formula would 
correspond better perhaps with the results of practice, 
were the duration of working assumed as diminishing 
in a certain degree with the increase of speed. To de- 

c 
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termine the effect of a horse under this consideration, 
I shall found a rule upon Mr Wood's average, that a 
horse works with a power of 112 pounds, at 2 miles an 
hour, during 10 hours, and shall express his time of 
working (T,) at any other velocity, by 12— V, and, 
conversely, his velocity for any other duration of time, 
by 12 — T, V being miles an hour, and T, hours a day, 
so that either T or V being given, the other is found by 
subtracting the datum from 12. 

Now, the effect of an animal's operation being his 
time of working, his speed, and his power multiplied 
together, Mr Wood's formula modified by mine be- 
comes either, 
12-VxVX m ^^ 12-TxT X 224^ Tx Vx P= 

effect. 



The following Table contains the results. 

TABLE II. 



Time in hours a 
Day. 


Velocity in miles 
an hour. 


Power in lbs. 


Effect. 


11 


1 


224 


2464 


10 


2 


112 


2240 


9 


3 


741- 


2018 


8 


4 


56 


1792 


7 


5 


44| 


1564 


6 


6 


S7i 


1344 


5 


7 


32 


1120 


4 


8 


28 


896 


S 


9 


24| 


672 


2 


10 


22,^ 


448 


1 


11 


20A 


224 




12 


18|- 
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Formulae are rather apt to make nature bend to their 
deductions. 

The contents of the above Table may approach the 
truth, but I am far from believing that they reach it : 
at 3, 4, or 5 miles an hour, good horses will, with loads 
adjusted to the speed, work longer than at any slower 
pace with the load corresponding to it ; or, if the time 
of working be made the same, they will drag greater 
loads in proportion to speed : the eflFects ought there- 
fore to appear the greatest at or about those velocities. 

Much, however, will, in this respect, depend on the 
breed of horses, and on their being, by their form> 
better calculated for draught or for speed. The horses 
used for stage coaches in some parts of England are 
made to run their stages at the rate of 10 miles an 
hour. Each relay performs its stage, averaging 10 
miles, twice over, equal to 20 miles in 2 hours daily. 
The lightest description of coach, with its average load 
of passengers, &c. cannot be estimated under 30 cwt ; 
this gives to each of the 4 horses, 840 lbs. in draught : 
now, if we assume the friction to be, as is commonly 
supposed, ~ of the draught, we have each horse's 
power z= 28 lbs. If the friction is ^^ as I suppose it 
on Macadam roads, the power exerted by each horse is 
= 24 lbs. 

Again, the light coaches travel between Glasgow and 
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Edinburgli in 5 hours^ eacb relay also going twice 
through its stage ; this gives each horse an average of 
2^ hours travelling, at a speed of 8^ miles an hour. 
These results of practice differ little from those of the 
formula, as will be seen on comparison. 

TABI£ in. 

Comparison of some results of practice with those of 
the formula ^ . 



VeWiy 
miles an 
hour. 



W 



r CCase 1st, 

m SCOTLAND, ^ Case 2d; 
' Xa — T X T X 284, 



By 

_^, 12 — VXVX224. 
Or by y 

C Case Istt 

INENGLAKD, ^ Case 2d, 

„ T X V X 224 
By = 



Time in 
lionrs. 



2i 

8 

2 



8h 

8fir 

10 
10 

10 



i'owerin 
lb8. 



24 
28 

23| 

26§ 

28 
24 



22i| 



EflSBCt 



504 
588 

560 

806 

560 
480 

448 



This comparative view shows that the contents of 
Table IL keep on the side ci moderation, which is cer^ 
tainly most desirable, since it is with reference to these 
that I mean to lay down the effect of the ope^ration 
under different circumstances, of horses upon rail- 
ways. 
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OPERATION OF HORSES UPON 
RAILWAYS. 

The draught of any power (P,) upon a level railway 
having been determined as = P x ^^^> ^t follows that) 
if the pow^r of a borse under different circumstances be 
multiplied by that number, the product will exhibit his 
correspondent amount of draught, qs is shown in th^ 

subjoined Table, founded upon the contents of Table 
II. 



TABLE IV. 



Operation qf Horses on a Level Edge Railwaj/. 



Time of working Velocity in miles 
in hours a day. an hour. 


Draught in pounds. 




' ' ^ 


44800 or 20 Tons, 


10 




' 2 


82400 or 10 Tons, 


9 




3 


14933-3 


8 




4* 


11200 


7 




5 


8960 




6 




6 


7466-6 


5 




7 


6400 


4 




8 


5600 


3 




9 


4977-7 


2 




10 


4480 

9 


1 




11 


4072'6 


— 




12 


3733-3 
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If we contrast, with the contents of this Table, some 
accounts of the actual performance of horses, we shall 
see how very moderate are the former. Mr James 
Jessop, London, saw a horse drag, for a short time, by 
way of experiment, 27 tons on a level. On Lord 
Elgin's railway, each horse drags regularly 10 tons, 
besides waggons, which must be in all 12 tons on a level. 
On Sir J. Hope of Pinkie's railway, each horse is stated 
to draw 10^ tons, at 4 miles an hour. This is wonderful; 
but I myself have seen an active and rather light horse 
drag about 7 tons at 4 miles an hour on a level, and 
was told that it was his usual draught and speed during 
7 or 8 hours daily; say 15,680 lbs. during 7 or 8 hours, 
at 4 miles an hour, while, by the Table, we have only 
11,200 lbs. during 8 hours, at 4 miles an hour. With 
the fiill load for a horse, weighing about 10 cwt. namely, 
10 tons, I have seldom witnessed a greater working 
speed than about 2^ miles an hour. It will thus be 
seen that the estimate of the average working draught 
of horses formed upon Mr N. Wood's observations, is, 
perhaps, as applied to Scotch draught horses at least, 
rather low than otherwise. 

I shall now give some examples of the degree in which 
the amoimt of a horse's draught becomes diminished on 
railways that are more or less inclined; assuming, as 
before, his draught on a level as 10 tons, at a speed of 
2 miles an hour, during 10 hours a day, or assuming 



27 



his power employed as 112 lbs. and calculating the 
draught for each elevation by the formula— 

200 



Px 



1 + (200 X E.) 



TABLE V. 



Operation of Horses on Inclined Eailways. 



Power in Lbs. 


Elevation of Plane. 


Draught 
in Tons and Cwts. 


112 


Level, 


10 


— 


1 in 800 


8 


— 


1 in 400 


6«.13i 


— 


1 in 300 


6 


— 


1 in 200 


5 


— 


1 in 190 


4^17* 


— 


1 in 170 


4«.ll 


— 


1 in 150 


4«. 5f 


— 


1 in 140 


4^ 2* 


— 


1 in 130 


3^18| 


— 


1 in 100 


3-. 3f 



An instance is quoted in the article " Railways," 
Supp. Encyc. Brit, of horses dragging each about 15 
tons of coals down an inclined plane of 1 in 98, and re<- 

4 

ascending with the empty waggons. Now, of the usual 
waggons, 15 tons of coals would not require fewer than 
11 or 12; the ordinary weight of each is about 7 or 8 
cwt; say 12 X 7 = 84 cwts., or 4 tons, 4 cwt. : the 
resistance of this amount in draught on an inclined 
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railway of ^elevation k, friction 47 pounds, + 
gravity 96 pounds, equal to 143 lbs* ; Urns each horse^ 
in ascending, overcame a total resistance of 143 lbs. 
If the horse gave any assistance in the descent, it must 
have been in checking the gravitating impetuosity of 
the load, for of 15 tons on a slope of 1 in 98, the gravity 
is =z 363 lbs., from which deduct the friction, = about 
176 lbs., and we have 187 lbs. free impulse of gravity; 
this would make it necessary to have some of the wheels 
locked, in order to bring the friction more nearly to 
counterpoise such gravitating impulse. 

I may here observe that, as a Carriage will be at the 
point of spontaneously descending an inclined plane, 
when its friction is to its weight as the height is to the 
length of the plane — the ordinary ca;rriages on edge 
railways will be at the point of spontaneous descent on 
a plane of ^ elevation. To obviate this, and to effect 
a halt more readily, some railway carriages and the 
coaches on the Stockton and Darlington railway are 
furnished with a simple contrivance, called a brake, 
whioliy by effecting a pressure on the rims of the wheels, 
produces any required amount of friction. 

We shall laow consider the performance of horses 
when ^>€ed becomes the principal object in railway 
oommunicaticm ; as must ever be the case when pas- 
seiq^ers are to be conveyed. On r^erring to Table II. 
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it will be seen that a horse working 2 hours a-day 
at the rate of 10 miles an hour, can exercise a power 
of 22^ lbs. ; this, multiplied by 200, gives 4480 lbs-, 
or 2 tons as the draught on a level; and that, at 11 
miles an hour, his power is 20^ lbs., which, multi- 
plied by 200, gives 1 ton 16| cwt on a level. If 
we suppose his power, as in the case of the English 
stage coach horses already noticed, to be, at 10 miles 
an hour, 28 lbs., his draught will be 2^ tons; or, if 
24 lbs., his draught will be 2 tons 3 cwt nearly. 

With reference to the conveyance of passengers, I 
adopt 22^ lbs, as the power of a horse at 10 miles 
an hour, as by Table II.; and consequently 2 tons 
as the weight of the coach with passengers, which he 
is to draw ; his stage will be, of course, 10 miles, and 
will be twice run by him daily — going and returning. 
22*4 lbs,, then, being his exertion requiped, and 10 
miles an hour his speed on a level, I construct the 
following Table, to show in what degree that must 
be increased, and this diminished, when he comes 
to drag his coach of 2 tons upon certain inclinations 
of plane. The power required at each degree of eleva- 
tion is computed by the formula F -|- D X E ; and 

224 
the speed with each exertion of power, by -p- the 

^ 224. 
converse oi -^y- 

D 



so 



TABLE VI. 



Performance of horses in light draught on inclined 

railways. 



J>nxight supposed 
• eoacfa with passen- 
gers in tons. 


Eleration of plane. 


Power in lbs. re- 
quired at each degree 
of elevation. 


Speed in miles 
an nour, oonpatihle 
with each degree of 
power employed. 


2 


Level. 


22-4 


10 . 


- 


1 in 400 


83-6 


e-e 


— . 


1 — 300 


37-3 


6 


— 


1 — 200 


44-8 


5 


— 


1 — 190 


45-97 


4-87 


— 


1 — 180 


47-2 


4*74 


— 


1 — 170 


48-75 


4-59 


— 


1 — 160 


504 


4-4 


— 


1 — 150 


52-26 


4-28 


~ 


1 — 14X) 


54-4 


4-1 


— 


1 — 130 


56-86 


3-93 


— 


1 — 100 


67*2 


8-3 


— 


1— 50 . 


112 


2 


^ 


1 ^ 22-2 


224 


1 



At a colliery lately opened in my neighbourhood, 
where, from the superiority of the coal, a great demand 
took place before a proper road had been completed, 
I have repeatedly seen long trains of carts dragged up 
an ascent of 1. in 10, which is, however, only 50 to 60 
yards in length ; its sur&ce consisted of a mixture of 
soft deep day and large stones, so that the friction upon 
it will, I am sure, be much underrated when I say it 
was -^ of the draught : each cart contained 13 cwt. of 



coals, and say cart =: 7 cwt, the draught becomes 1 
ton, of which ^ gravity = 224? lbs. + friction ^ or 
74*6 lbs., give a whole resistance = 298*6* lbs. to each 
horse. Yet many of these were of the most wretched 
description — being the property of the town coal-car- 
riers. The resistance would be just about equal to the 
above, were a horse to drag a coach of 2 tons Up an in-^ 
dined railway of 1 in 16^, or were he to drag 26f tond 
upon a level. 

A railway coach I have not yet seen, ndr have I heard 
of one that had been built expressly for the purpose. 
Those on the Stockton and Darlington railway are 
common heavy stage coaches slightly altered; they con-^ 
tain 6 persons inside, and 16 or more outside, and 
must weigh, with their complement of passengers, con- 
siderably more than two tons. In one of these a friend 
of mine travelled between Stockton and Darlington, a 
distance of 12 miles, in 70 minutes ; this was at the rate 
of fully 10^ miles an hour : the same horse took the 
coach back again, making thus his daily work 24 miles, 
or 2 hours 20 minutes, at 10^ miles an hour. Although 
the coach had no springs, its motion was more easy 
than that of a coach with springs on a Macadam road. 
By this smoothness of movement^ tear and wear must 
of course be diminished, and railway coaches may be 
proportionally lighter than others ; they do not need to 
be fitted for turning, but may be drawn indifferently by 
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either end; and their wheels may, by having the ^ges 
of their flauches made of sufficient breadth, be adapted 
for running upon a common road or street ; this would, 
however, render springs necessary. 

With reference to the last Table, it is to be observed, 
that when the coach is brought to ascend any inclined 
plane, the horse, with the corresponding increase of ex- 
ertion and diminution of speed, becomes employed in a 
way that admits of a longer continuance of working, 
and he, in feet, derives a degree of refreshment from 
the change in his mode of action ; nor does this arise 
merely from the change in his muscular effi^rt by which 
it is accompanied, it accrues mainly from the drcum- 
stance of his being occupied in a less laborious operar 
tion. 

There are persons, chiefly anatomists, who deny that 
horses can obtain any degree of " rest" from slight 
ascents of road; because, they say, every muscle of the 
body is more or less in operation so long as an animal 
is in motion. Such argument is, however,^ little better 
than a logical quibble. If the term rest signifies a 
total cessation from motion, animals cannot certainly 
enjoy it so long as they continue to walk ; but, if by 
rest is understood any degree of relief from fatigue, 
animals, though continuing to move, do assuredly ob- 
tain it by a shift of their chief muscular strain; and he 
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must have little experience in the use of bis own limbs^ 
who is of a contrary opinion. 



OF LOCOMOTIVE ENGINES. 

Most persons must have had an opportunity of observ- 
ing, that when a force is applied to the spokes of two 
opposite, wheels of a carriage, sufficient to produce a 
rotatory motion in those wheels, a progressive motion 
of the carriage is thereby effected. 

Were a force thus employed, unlimited in amount, 
the load that it could move in the carriage would also 
be unlimited; but were the increase of load, instead of 
being placed in the carriage that has the force applied 
to its wheels, to consist of a separate carriage or train 
of carriages attached to the former, a limit would forth- 
with take place to the influence of such power by such 
means. This limit is, the amount of friction on the 
ground, of the rims of those wheels that have the force 
applied to their radii. Were they placed on a surface per- 
fectly smooth and without friction, they would be moved 
only as if suspended in the air, and could effect no pro- 
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gressive motion, how great soever the power applied 
to them ; but on sur&ces such as do exist, wheels may, 
as above, be exercised against resistances in draught, 
up to that point at which they begin to slip, or to have 
their amount of friction overcome. 

The friction of a carriage's wheels, when thus used, 
i^ termed adhesion ; and a precise measure of its amount 
on any sur&ce is just tliat force >;ehich would drag the 
carriage with its wheek locked. The foregoing enuncia- 
tion applies strictly to the mode of action of locomotive 
engines.* 

This machine effects its progressive motion by turning 
its wheels through the means of its crank-rods, which 
are attached to the radii of the wheels, about one foot 
distant from their centries, or more ot less according to 
the range of the pistons' strokes. The revolution of 
the wheels thus produced, accomplishes a progressive 
motion, by the friction or adhesion of the rims upon the 
rails. The employment of a wheel, as in L. Es., is 
closely analogous to that of an animal's limb in walk- 
ing; both act as levers of the second class, in which the 
resistance is placed between the power and the prop, as 
illustrated in the comparative figures 1, 2, and S : in 



I shall henceforth express Locomotiye Engine by its initial letters L. £. 
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each of these a weight (r) suspended by a cord over a- 
puUy, is^ made to point out the direction in which the 
resistance bears; and, in each figure, P shows the point 
of application of the power, R that of liie resistance^ 
being in the animal the articulation of the joint, and 
in the L. E. the axle of the travelling wheel; and 
F shows the fulcrum of the lever upon the ground* 
M points out in the animal member a portion of the 
muscle, and m that of the L. E., a portion of the crank- 
rod ; these being the instruments through which respec- 
tively the power is applied, r, applied at R, consist!^ 
in the L. E., of the weight of the machine, the friction 
of its moving parts, and of any draught it may have 
attached to it; and, in the animal likewise, r consists of 
the friction of his moving parts, and the weight of his 
body, with the resistance of any load that he may have 
to carry, or drag, or push. 

'The effective force of the L. E., applied through the 
crank-rod, varies much (as does that of the animal 
aj^lied by his muscles) with the changes in position 
that take place in the course of the radial motion ; that 
of the L. E. has, however, a great advantage in this— 
that there are only two points in the course of each 
revolution of the wheel, at which it becomes absolutely 
nugatory — ^namely, when the point of application of the 
crank-rod is directly above the centre of the wheel, and 
when it is directly below it. The wheel, as above em- 
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ployed, is to be viewed as a continuous system of levers ; 
and each point of its circumference, as it is applied in 
succession to the rail, as the point of rest of another 
lever of the system advanced forwards to be exercised 
against the resistance. I shall again have occasion to 
notice this principle, when I come to treat of the 
velocity of L. Es. 

The dragging power of a L. E. is to be considered as 
limited solely by the amount of adhesion of its wheels 
upon the rails j the steam power being of course unlim- 
ited, save by the strength of materials and construction 
of the engine, and by the quantity of fuel supplied. 
We should expect that this adhesion, and consequent 
dragging power, would be determined by finding the 
amount of force required to drag the L. E. with its 
wheels locked, or a block of iron of similar weight, upon 
a level rail. The friction of iron sliding upon iron, has 
been determined by Coulomb to be from ^ to ^ of 
the weight, according to the less or greater polish of 
the surfaces by rubbing; say ^; then we should be 
entitled to expect that, on an inclined rail of about 1 in 
7*2, which elevation makes allowance for the diminution 
in adhesion necessarily arising from the inclination of 
plane — a L. E. would stand still if its wheels were 
locked, or if its steam power operated merely to prevent 
its wheels from revolving downwards : Secondly, that it 
would ascend such plane if its steam power were so 
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increased as to cause its wheels to reyolve in any d^^ 
upwards: Thirdly, that it might carry in its ascent $ 
load, bearing upon its own wheels^ limited only by iti 
extent of steam power and strength of materials; 
Fourthly, that it might, while unattached to any other 
vehicle, acquire a speed in its ascent limited (solely by 
its compass of steam power, and velocity of piston, an4 
by the friction of its moving parts: Lastly, that, at every 
inferior degree of elevation, the L. E. would operate 
similarly upon a load contained in separate carriages} 
which, in conjunction with its own weight, would form 
a resistance equal to that of itself singly upon the plane 
of 1 in 7'2. Such a proportion of adhesion, however, 
with its results, has not been found to obtain in practice. 
According to the experiments of Mr N. Wood, who hof 
had upwards of 10 years experience of L. Es., the amount 
of adhesion in the most favourable weather, when the rails 
are either quite dry or completely wet, is only apprecia-^ 
ble as 9^ of the weight of a L. E. This defalcation 
Mr Wood ascribes to ^* the force of steam at different 
periods of the strokes being irregular upon each wheel,*' 
The weight of a L. E.Jbeing about 16,800 lbs, -^ erf 
this gives the adhesion =1816 lbs. which multiplied by 
200, the mechanical advantage on a railway, gives 
S63,200 lbs. or 1 62 tons as the draught upon a level, 
under the most advantageous circumstances. On the 
other hand, when a railway is in the worst possible 

£ 
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Btate, namely, when covered with viscid mud, as hi^pens 
in drizzly weather, which acts like grease or any other 
unctuous matter in diminishing friction, the adhesion 
becomes so far reduced as ^^ of the L. E's. weight, 
equal to 777 lbs, which multiplied by 200, gives 70 tons 
only as the draught of carriages on a level. Mr Wood 

I 

states, that with a load of 70 tons in the worst state of 
the railsy the L. E.'s wheels still slipped in a slight 
degree, although the usual speed was maintained by an 
increased velocity of piston and rotation of wheel. As 
this slipping is injurious both to the rails and the wheels, 
he recommends the adhesion and power of L. Es. to be 
estimated for security against the worst circumstances 
at ^ only. We have thus the L. E.*s weight 16,800 
lbs. divided by 25 = 672, which multiplied by 200, 
gives 60 tons as the draught of carriages on a level 
under the worst circumstances. And universally, what- 
ever is the weight of a L. E. and whatever is its adhe- 
sion, we have LEx^ = P5LE representing the 
weight of the L. E., a its adhesion in fractions of its 

weight, and P its power on a level ; and L E x ^ x 
200 = D, the draught on a level railway. It is here 
to be observed, however, that P is by no means to be 
considered as the absolute amount of the L. E.'s power, 
but only as that extent in which it can be exercised 
consistently with the amount of adhesion, and beyond 
which its effect would only be to make the wheels slip 
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round without an adequate progressive motion. With 
this reservation only, is L E X a to be taken as equi- 
valent to P. 



OPERATION OF LOCOMOTIVE ENGINES ON 

INCLINED RAILWAYS. 

On an inclined plane the gravity of the L. E. itself 
comes to act as a resistance against its operation in 
ascending : and when the L. E. is upon a plane, whose 
height bears the same ratio to its length that the ad- 
hesion of the L. E. bears to its weight, its intrinsic re- 
sistance and power are to be considered in equilibrio^ 
and the L. E. consequently incapable of dragging up 
any thing besides itself. On a plane of any inferior 
degree of elevation it will drag up an extraneous load, 
the resistance of which, together with that of its own 
gravitating tendency, must form a gross resistance not 
exceeding L E x ^ ; ^nd the whole resistance to an 
L. E.'s power, on a plane of any elevation, will be = 

LExE+DxE+DxF=R 
L E representing the weight of the L. E., D that of 
the draught, E the elevation of plane in fractions 
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of its length) F the friction of the draught in fracdoDs 
q{ its weighty and R the whole resistance* . In R the 
resistance of the moving parts of the L. E. might b^ 
included, but it is a quantity that varies only with the 
velocity of pistons; it was found by Mr N. Wood to 
be, at upwards of five miles an hour, equal to 213 lbs*; 
this amount will increase and diminish with the velocity, 
but not in precisely the same ratio. In order to find 
the nett power of a L. E. on an inclined plane, or that 
portion which is over and above what is requisite to 
counterbalance its own resistance of gravity, and which 
consequently remains applicable to a certain draught of 
carriages, we have only to subtract the gravity of the 
Lu E. on the plane, fi*om its amount of adhesion or 
power on a level, thus, 

L E X « — L E X E = P = nett power sought. 
P being found, we have, by a similar formula to that 
used in horse power, 

M A 
^ ^ 1 + (M A X E) = I^ Q *e draught ot car- 
riages sought 6n the given inclination of plane; and 

on a railway, P x -^ — 7—,^^ ^^v = D Q 

•^' 1 + (^00 X E) ^ 

The annexed Table contains the nett power consis- 
tent with the adhesion and the draught at various eleva- 
tions of plane of a L. E. weighing 16,800 lbs., and 
having travelling wheels of 4 feet in diameter. In my 
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calcalations I hkve assumed the adhesion at ^ of the 
L. E.'s weight, giving a power of 777 lbs., as exhibited 
by the L. E. according to Mr Wood's experiments, in 
the worst state of the rails: I Consider this estimate sa£* 
ficiently low ; because inclined planes must form but a 
small proportion of any extensive railway; and because^ 
moreover, the same unguent which diminishes the ad- 
hesion, must also, in a great measure, prevent the tear 
and wear that might otherwise arise from the slipping 
before alluded to. The contents of the Table, then, 
are to be considered as representing, respectively, the 
operation of a L. E. weighing 16,800 lbs., under the 
worst circumstances. 

Operation ofL. Es, on Inclintd Railways. 



Elevation of plane. 


•Nett 
tentwl 
degree 


power in Ibe. eonsis. 
ith adhesion, at each 
of eleratioD. 


Nett dranght in tons 
andcwts. 


1 in 400 




735 


43^ 15 


1 — 300 




721 


98 > 12i 


1 — 200 




693 


SO.lSi 


1 — 150 




665 


25-9 


1 — 120 




637 


21. 6^ 


1 — 100 




609 


18 » 2i 


1— 80 




567 


14. 81 


1— 60 




441 


7-17^ 


1— 30 




217 


2. 10^ 


1_ 21-62 









In corroboration of what is above laid down, we have, 
on the Ejllingworth railway, in the best state of the 
rails, a L« E» weighiqg 16,800 lbs., draggitog 51 tons. 
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IS cwt. up an inclined plane of 1 in 104*2; thiis ex* 
hibiting a power and adhesion of wheel equal to 1810 
lbs., which would, on a level, allow a draught of 161 
tons. On the same railway we have 48 and 50 tons 
taken up an ascent of I in 330 ; and with the latter 
loads we have an average speed in the journey of 4*9 
miles or 6'6 miles an hour, as the travelling wheels of 
the L. E. are 3 feet or 4 feet in diameter. Oh the 
Stockton and Darlington railway the L. Es. travel, I 
have been told, 20 miles in 4 hours, with from 70 to 90 
tons in draught 



SPEED OP LOCOMOTIVE ENGINES. 

From the extravagant ideas that were at first enter- 
tained and promulgated, by some persons, concerning 
the speed of travelling likely to be attained through the 
employment of L. Es., much discredit has fallen upon 
these machines. Their power was viewed as constant 
and undiminishing, like the gravitating force of a body 
descending towards the earth ; and consequently, from 
being applied to a resistance consisting of the friction 
of carriages, which is equal in equal times, as capable 
of an acceleration of velocity unlimited,* save by the 
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resistance of the atmosphere. In such speculations the 
nature of this machine, or indeed of any machine, 
must never have been considered* The pow^r of a 
machine diminishes with the velocity, in precisely the 
sfiame manner as that of an animal ; the only difference 
is in degree. The former has indeed this great advan- 
tage, that it is not susceptible of fatigue, and that the 
materials, which fiimish its power, may perhaps be 
continued oi* augmented at our will. 

An increased speed of revolution of a L. E.'s travelling 
wheels, while these are of a given size and construction, 
can be produced only by an increased velocity of its pis- 
tons: but, by the law of pneumatics, the greater the velo- 
city of the pistons, the less must be the intensity of the 
impress of steam on them, while this is at a given density 
and rate of production ; hence it follows that, if a L. E. 
were even altogether unloaded, its velocity would be 
limited to that d^ree at which the resistaiice of its 
moving parts, transmitted to its pistons, and the pres- 
sure of steam upon these would approach an equili- 
brium : when the case of the machine would precisely 
resemble that of an animal at his greatest speed, when 
he expends his whole force in carrying his body for- 
wards, and is unable to drag any load : and if by any 
mysterious power, the speed of the L. E. were accele- 
rated, so that its pistons should attain a velocity equal 
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to that with which Che steam mig^t tend to rush throiigh 
the throttle valve; thea would the steam apply no 
pressure whatever to the pistons; any more than 
would a horse's limbs to his body, if he were drawn 
along at a velocity equal to that of the impulses of his 
limbs. The progressive motion of an animal is e&ctied 
by the impulses of his limbs against the ground ; the 
velocity and intensity of his crural action, are limited, 
like those of the L. K's pistons, to that point at which 
his vital force^ and the resistance from his moving parts 
and bodily wei^t approach an equilibrium: and' his 
speed of progressive motion is limited by that of 
his crural strokes, just bb the speed (^ travelling of a 
L. E. is limited by the velocity of its piston strokeai 
and, in both the animal and the machine, the moare 
near is the advance to this terminal vdodty, theless 
must be the extraneous load conveyed. 

The speed of a L. E., then, while itS' wheels, and 
its load drawn remain the same, can be increased be^ 
yond a certain extent, only by an increased force of 
steam, by an enlargement of the communication, bef 
tween the boiler and cylinders, and by an increase 
of the supply of fiiel ; which means are evidently 
limited. 

It is practicable, however, to give a great command 
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of speed to L. Es.; and to do so with a very trifling 
addition of power or diminution of load; because it is, 
accomplished without an increased velocity of pistons: 
and on this chiefly is founded the supericMrity of these 
machines over every description of animal agent. 

One method of obtaining this command of speed, 
consists simply in applying to a L. E., traveiliag wheels 
of greater dimensions. 

Mr N. Wood has the merit of having been the first 
person to conceive that any advantage might be de» 
rived &om increasing the size of a L. E.'s wheels : and 
he found on making the experiment that, with wheels 
of 4 feet diameter, a L. £• travelled 48 miles in the 
same time that^ with wheels of 3 feet diameter, it had 
occupied in travelling 36 miles ; or that the increase of 
speed was in the ratio of the increase of the wheels, 
having been from 4*95 to 6'6 miles an hour; while 
the load drawn and the fuel consumed were in both 
cases the same : he found also. that, when the speed, of 
ti^veUing and: the fucL consumed were the same, the 
draught might be increased ; and speed and draught 
being the' sarnie, that the fuel might be diminished 
nearly in the ratio of the increase of whed. The cause 
he assigns for. the two latter results is diminution of 
friction in the working parts of the engine. Now the 
resistance, from this cause, he ascertained to be equdl 

F 
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to 81S Ibs^ when the sfkted of tmvelUng was about 5i 
miles an hoofc;,.,. and supposing it to be diminished 
even in exact praportiontai the diminution of velocity 
in the rubbii^ parts, of the i engine (wliich,. however, 
I have reaaoh to doubt,) this would ampjunt, m any 
case^ to only a trifling quantity. The greater power, 
.exhibited by the engine with 4 feet wheelfl, must, I 
conceive, have b^n mainly owing to the inerieased 
density and consequent force of steam, arisipg :&om the 
diminished velocity of the pistons, while the rate of 
production of steam and the speed of travelling, re- 
mained the same. With the change from 3 to 4 feet 
wheels^ Mr W« discovered no increase of resistance, 
and he did not suspect that there was any. This was, 
however, an ^ror ; for the resistance of the draught 
which i^ transn^itted through the travelling wheela to 
the pistpns, Js increased with t)ie ^^u^m^t' of these 
wheels. The resistance is increased jllso in as fiir as 
<:$pi|cems the rolling. of the wheels theinselveii on thfe 
rail; but this is quite insignificant unless their mehlb 
beyond what would for other reasons be admissible. 
Mr W/s not having perceived any increase of reri&- 
ti^ce ih the first experiment above quoted, may bttie 
^seaafixMn the. hk K'ii being considerably undent- 
loaded) the .dratight cex»^ed in each jontney faisving 
been only S6 tons ll^cwt: for, as ialmost the wholb 
ini^r^^ of resistance with larger wheels is dmi^ 
irqm the draught, it must necessarily form a leas land 
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less propbrtidaiof the' txluile fm$tanae a» the draught fa 
iitminidWA: aiid» if these wferc-no drau^t al all, the 
kiger ^iwiifldb^viKnild' aSb^ 

ahateoaten^ enlfpt frfun' tbtit trifling quantity produtsed 
t^ thdrT(^liag'iqp(coti the rails* 
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• Now of ^ tons )1^ cwt« ia draught the resistw^e. 
i% onalevds' 409^.Jit>8*; th^; l^e^i^tanoe of the moving 
partfi^ of the €»9igi|ie.i8y a^ ^bciye, ^)d lbs. (which js vay^ 
changedf bec#us^ t^ yelodty of piston is h^re the 
same;) Hiaking a total r^istaace opposed to the &team 
pqwer equa} to 622^£ Jbs.; and the increase of the 
dranghtfaresistance by enlarging the wheels froin 3 to 
4 feet in diameteTjj ifyf^l shajl presently explain, equdL 
to f ci the 409^ lb$.; which of 622^ lbs. fprms cpjy 
about a ^. This might be. compensated by a slight 
difference in the state of the rails, the quality of the 
co^ &C. as will be readily conceived >wlicn it is r&* 
membered that^the influehce of the statd ^ the rails 
Reaches sbmetkcies to ixa les^ an amount than i of the 
drdught* Mr W. did,' howiefvidr^ perc^Ve to what an 
ektrac^dinary oonclwon, it wou^d lead, to suppoiq 
ihaH a^ wais 'gained and npthitig;kfat ly|r the enlai^go* 
itfetit of wheels i he therefore^^deaiAOul«d to discover 
iotx^ib soiUPee of iacreasing: ^instance; ^ but in this he 
fiEiSed. in (^rd^ to make it out h^ multipUed together 
the ,resid»nce df the eogine^sl mt^^^ parts, and tl^ 
space iXiixveA oiwr^by .thedvatigh^ with different siases 
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o( wbeds; atid the products, thm obtained, he as- 
auiiied as represoiting the con^aratiye resistances 
overcome: and, as he conceived the resistance of the 
engine*s moving parts, diminished by the increase of 
the wheels from S to 4 feet ; to be diminished in a less 
d^ee as the wheels should exceed this ; he had, con- 
sequent! j, for the formation of his product at every 
increase of wheel, two factors, one of which had be- 
come less; namely, that which expressed the diminu- 
tion of the L. E*'s . esoteric resistance, while the other 
bad become greater ; namely, the space through which, 
in a given time, the load was drawn : and, as he sup- 
posed the latter to have increased in a greater ratio than 
that in which the former had diminished with each in- 
crease of wheel, he had thus a greater product to ex- 
press the resistance overcome. 

Now,: an increase in the space described in a given 
time cannot be viewed as indicative of a greater resist- 
ance overcome, or of a greater .power expended, unless it 
is attended and produced by an increased velodjty of the 
power ; but it is the peculiar property of larger, travel- 
ling wheels, that they effect an increase in the speed of 
a L. £• without an increased velocity of the pijstons and 
of the efflux of steam ; and the resistance of the draught 
of carriages cannot be increased, merely by the greater 
q>eed attained through the larger travelling wheels, for 
it remains, by the law of friction, equal in equal times. 
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without respect to the space dirough which the drai^ht 
is moved; The Increase of the* draught's resistance^ 
that accompanies an enlargement of the travelling 
wheels, is founded on the principle of action of L. Es. 
stated by me at the commencement of the subject* ' The 
point • Z, (Fig. 45) at which the circumference of the 
wheel meets the ground, it will be remembered, is to^ 
be considered as the rest of a lever; the axle R is the 
point between the rest and the power,' at which the re- 
sistance of the draught is applied; and the application 
of the pow^ is at P, that part . of the radios of the 
wheel to which the lower end of the crank*rod . is at* 
tached. The power is, as before observed, applied 
with various degrees of advantage in the different situa* 
tions occupied by the end of the crank-rod in the course 
of each revolution ; it alternately changes its form of 
operation too, from that of dragging, to that of push- 
ing ; the former taking place when it is in advance of 
the axle, as at any of the positions A, B, or C; and the 
latter, when it is behind the axle, as at D, E, or F. 
But, in every situation, its force is through the cohesion 
and unity of the parts of the 'wheel, applied at the point 
P, which is vertical to the axle and the fulcrum upon 
the ground; and the advantage of the power, in one 
respect, depends on the angle that its line of application 
forms with the lever P O Z. For example^ — ^its 
effect is less when the lines of its application are re- 
presented by P B and P E, ' than when by P A and 
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P D, Md less when by P C and P F tban when by 
P B takd P E; and at O the pow^ hag no effis^t at 

This disadvanfi^ mscparably attends the production 
of totaiy motion by- rectiliileai' impulse )n L. £0^ 
however, it has been donitRved,. that when the power i% 
in bnte wheel, approadiing the leaet effective line oS ap* 
plication, it is, in another^ appioachitig. the r^veif^ 
In ai^imiils^ the mechinical disadVaatage i^^ ftr beyond 
that in thie case of L. OBs. Iii' those fthe leveragetT ale 
sofonal], tod th^ aftglt^ of application oi jtibemn^oulaf 
fbrce so acnte^ lliat they have been by soin&'esti]DMled 
to efiect an amount of power eqiiial <»i)y to ^abiiut jg- of 
the aetnal force 6:certed ' ' - f 
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* It inBt how be t^ v^ isiihple matter to explain in 
what miBftiyiter* the kiesb&nce^xff* t(xe loadi di^wn byn 
L. ']£;;' b6c<yme5 migmentedby the application of largisf 
Wheels. 
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^e power being applied at P, (Fig. 4 J <uid the 
^esi^taMe'of 'th4 draught at 21, tipdn the leVer F R ^ 
theleveriige of lki(t power i^^consequently,* tet that pi 
the draiq^t as FZ to R Z. Now, in Uie L- Es. b^ein 
aHttdcd to^ the at'tachiHHbnt of the cf ankrrqd ' i^ abonf 
otle foot from^the ceikitr^ of the lirheel; and tlp^ disr 
tance cannot' be altered ^hilelh^ pistons and cylinders 
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remain the same. P and R, thai, are always one fool 
asunder; and in wheels of 3 feetdiameter^ the distance 
of P fisom Z being 2^ feet, and that of R from Z being 
1^ foot, the leverdge of the power is to that of the 
draught aaSj^.to 1^; bat k is pfattn, that if we lengthen 
the lever P R Z, and thereby- remoy;e the fiilcrum to m 
greater distance from P and R, P Z must have to R Z 
a less ratio than it had before: thus, if W0 apply 4 feet 
wheels^ P Z becomes to R Z only as 3 to 2 ; that is, 
the leverage of the draught is f = ^ of the leverage cf 
the power; and with 3 feet wheels, the leverlige of the 
ft^mer was^il =: |- ^ ^ of that. <^- the* lai^r; conse* 
quently,' the resistance of the^rai^htis, by substitute 
ing 4 feet wheels for 3 feet c^n^- increased in the ratio 
of 10 to 9^ To make up for this^ the draught must be 
reduced by |J^ of its amiaunl^ or the steam power must 
te increased by4 pf thatportion which ia called for by 
the resistance o£ Uie draught |[ >>but as the resistance of 
the working parts of the L; E. is^^ aa before noticei^ 
iabout 21# lbs. the increase ^ sieani power will beobn^ 
iiderably under ^ of the whole; it will Aerefere plainly 
Ji^ most advantageous to add to the force .of steamy 
instead of reducing the draughty in com|)ensation foir 
Ihe loss <tf leverage with the larger wheds« 
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In ex^plifying the applicaljon of the principle above 
laid dbwn, I shaU take as a staitdaffd t(ie performance ^ 
a L« £• exhilnted on the Killingworth railway, in pre^ 
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sence of several.«ngiaeers. , The weight of the L. .£. mus 
IdySOO lbs., the diameter of.wheeU was(4 feet, the speed 
of travelling averaged .6*6 miles an hour, the draught 
conveyed was 50;^ tons, including the convoy carriage 
of'l^ ton-^say 50 tonsj and' the railway was dJghtly 
undulating to a rise at one place. of i in 330. . I shaU 
suppose now, that.in order to obtain a speed of Si miWs 
an hour, we apply to a .L.:E., wheels of 5 feet diameter; 
then we have P Z == 3^. feet, and R Z = 2^ feet; con- 
sequently the leverage of the draught = ^ = 7 = gj- of 
the leverage, of the power: but with >.feet wheels, the 
leverage of the. draught W]|^ | .=: ^-^ of that of the 

power;. thus tJie: resistance. of the.. draught, with 5. feet 
wheelsyis. to. that. with, 4 feet wheels, as 15 to 14; the 
draught of 50 tons must, to be adjusted to this, be. re- 
duced, to 46} tons-r-or if the 50 tons remain undiminr 
i^h^d, We. must augment the steam power applicable to 
the draught, in the.piroportion of 15 to 14: the resist 
tance of 50 tons . in di^aught is . = 560 lbs. that of th^ 
moving parts of the L. JS. =: 213 lbs. makmg in all 

773 lbs., and -^ of 560 lbs. = 40 lbs. which is of 773 
the ,^^ part; we have itherefore^ instead o£ reducing 
the draught by ^j^to increase the force of steam by only 
^6 i9-3u ot its. whole amount, in order to adjust it tp 
the increased leverage of the draught, and then we 
have : tlie : 50 tons conveyed at the rate of. 8^ miles an 
hour. According to Mr Wood's supposition, for he 
never. liad. applied. wheels of greater diameter than 4 
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fed^ the reduction of the draa^t^ or the inoreMe -oi 
stetm power^ would hsreto smoiint to above ^9 in sob* 
stittitEiig 5 feet wheels for 4» feet ones* 

It ifr wcxnderfiil tbat be did Hot suflpeet dome ibcoiif* 
aistency to be involred in the proposition^ that in th» 
increase c^ wheel fitxn Si to 4 feet, there shcnild be na 
inci^eade of resistance^ while in diat from 41 to 5 feet there 
should be an increase equal to ^. 

I shall now suppose that we apply bo the Lr £• i^heels 
of 7 feet diameter, which would produce a rate of traTet- 
ling equal to il*55*^8ay 1 1^ miles an hour ; th^ leverage 
of the draught will th^n be to that of the power as 8^ to 
4^) or as 7 to 9; that is,-|^ =£ ^ of the leverage of 
the power ; but with 4 feet wheels, the fbrmier was of 
the latter, i == #: by a change then, from 4 feet wheels 
to 7 feet ones, the resistance of the dtanght is in^ 
creased in the ratio of 21 to 1B| or of 7 to 6; the 60 
totts must thus become 50 X | =c 4fiJ- tons ; or, the 50 
Urns rentiaiBing, the steam power ot fuel must be iQ«' 
creased by nearly ^ of its whole amount. When we- 
arrive at such a speed as the above, the resisfiince of tl^- 
atmosphere cosacA to be of some importance^ and might 
possibly amount td & frurther difference in the draught 
of about 2i tons. 

By Dr Eobins<m's rule for fimling the resistance of 

G 
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the air to a moving body<^nameIy, to multiply the 
velocity in feet a second by 16^ we have the resistance . 
to a square foot of plam sm&ce. at one mile an hour^ 
equal to S4>*417 troy grains; and^ as this resistance in- 
creases in about the ratio of the square of the velocity, 
we have S4>*417 x V^, V being miles an hour, as the 
resistance in grains to a square foot at any higher rate 
of speed; which, at Hi miles an hour, becomes S4*'417 
X 11*5* = 4?551'75i troy grains = ?65 lbs, avoirdu- 
pois nearly to each square foot of Jlat surface ; but, on 
such forms of surface as may exist, we shall perhaps 
come near to the truth if we assume one-half pound 
avoirdupois as the resistance per square foot . of a 
transverse section of the L. £• where its dimension is 
the greatest; we should then probably have 10 to 15 
lbs* of resistance firom the atmosphere opposed to the 
L. E. when travelling at the rate of 1 1^ miles-an hour. 
Now the resistance upon the carriage or carriages 
drawn would not be equal to as much more, for they are 
in similar circumstances to that of a vessel towed in the 
wake of ianother, which, every one must have observed, 
is done with a slack rope; and the reason is,. that the 
towed or dragged body moves in a fluid already broken 
into an eddy, and moving also at a certain rate in the 
same direction willi itself. Let us, however, take the 
resistance upon the draught as equal to that upon the 
L. £• itself, and we have the whole resistance of the 
atmosphere, at 1 1^ miles an hour, equal to from 20 to SO 
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lbs. , which is hot far short of Ikim 2 to 3 tons in draught. 
If, then, the whole increase of resistance^ derived both 
from the increased leverage of the draught and from the 
resistance of the atmosphere, were to be compensated by 
reducing the load drawn, we should still have 4*0 torn 
conveyed at 11| miles an hour, being ^ of the draught 
at 6*6 'miles an hour ; or if the whole 50 tons were re- 
tained, the force of steam, or* supply of fiiel would re- 
quire an increase equal to the -^s part nearly of its 
whole amount. There are some inconveniences attend- 
iag a great size of wheels; in. the first place, there is 
a greater. leverage to twist or break the axles; of, this, 
however, from the smoothness of movement on a railway, 
there nmi^'be but little danger: secondly, an increased 
resistance to the roUii^ of the wheels themselves upon 
the rails; biit this, within any extent otherwise desirable, 
would be trifling, and would scarcely be felt but at the 
outset; and when in motion they would act. as fly 
wheds, and ^d in producing re^larity .of movement : 
thirdly, large wheels would, on the ciccurrence of any 
obstade, more readily roll ofi^the rails ; this again might 
be obviated by having the rails so elevated above the surr 
&ce of the ground, as to admit of a greater depth of the 
flauches of the wheels. 

' There is, however, a method of increasing the speed 
of L. Es., without increasing the velocity of the pistons, 
which will not be attended with any of the above disad*- 
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rantagesy such ad they are^ because it i« not 
by means of enlarging the wheels. This method con- 
sists in causing the crank*rods to qperate through 
toothed wheels, so as to produce a greater number of 
revolutions of the trayelling wheels in proportion to the 
number of piston strokes. If we apply to a travelling 
wheel, and to its crank-rod, sun and planet wheels, that 
will produce, say two involutions of the travelling whed 
for each double piston-stroke, then we shall have, with 
S feet wheels, a speed of 9*9 miles aki hour, insteiid of 
4*95 miles as before; and, with 4 feet wheds, we shall 
have a speed of 18*^ instead of 6*6 miles an hour. 

In this case the resistance of the draught beoomet 
increased on precisely the same principle as in the case 
of enlarged wheels ; and this increase of resistance wiU^ 
at 18*2 miles an hour, be in the ratio of 6 to 5 over 
what it was with the crank-rod applied in the ordinary 
way to the 4 feet wheels; for the lower end of the 
crank-rod can still only range from 1 foot above to 1 
foot below the centre of the traveling wheel; the dia* 
meter of the sun and planet wheels must be therefore 
only 1 foot in each ; and the point of application of the 
power through the crank»rod consequently just 6 inches 
distant from the centre of the travelling wheel, instead 
of i foot, as formerly; hence R Z (Fig. 4,) now be- 
comes r s IJ of P Z; but before we had, with 4 feet 
wheels, R Z equal only to f s i^ of P Z. The i»- 
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cretse of the dcaugbt's leverage is thus 8« 24 to ^Q, or 
a» 6 to 5, as above stated^ 

; I liave now to notice b, disadvantage that is common 

to bolh of the foregoing methods of acquiring command 
of speed in L. Es. It occurs on their coming to ascend 
incUoed planes; £)r, on^these the whole resistance <^ 
gravity will also operate through an increased leverage* 

Tlie xiesislance on an inclined plane, it will be remem^ 
bered, oonsiats^ exclusive of that of the h. K's worUng 
parts, of the gravitating force of the JL £,, and that of 
the draughty together with the iriction of the latter. 
Now, when this whole resistance (B,) has its relative 
leverage iaoieased by its ^ part ; for instance,-— we bptv^ 
taking 50 ton^f as before, drawn with 4 feet wheels 
up an ascent of 1 in 330, 



I> X sio = ^^^'* 
D X ^ = 560 



950*4 = R 



to which add B X ^ ss 158*4 

o 



then we have li08*S lbs. sz the resistance 
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with the above increase of leverage. We have now to 
consider whether the L. £. is capable of overcoming an 
extraneous resistance of 1108*8 lbs. It was found that, 
when the adhesion did admit of it, the L. E.'s power 
overcame a resistance besides that of its working parts, 
equal to 1810 lbs. ; but the adhesion is not aiFected by 
an increase of the relative leverage of the resistance, 
therefore the L. E. can still drag the 50 tons up the in- 
clined plane of 1 in 330 ; and the addition to its force 
of steam requisite for this purpose, will amount to ^^ 
of the whole. If L., then, represent the increased lever- 
age of R, in decimals of its former amount, the resist- 
ance on any inclined plane, with any increased leverage 
of R, will be = R + I^ X L ; and while this amount 

shall not exceed 1810 lbs., we have practical cer* 
tainty that it will be within the compass of the steam 
power. 

From the foregoing observations it will be seen that, 
though the amount of draught conveyed by a L. E. 
must in all cases be regulated by the degree of eleva- 
tion of any inclined planes which it may have to ascend 
in the course of its journey, yet, that as this regulation 
has reference only to the adhesion of the wheels, which 
has to be estimated so low as to provide against the 
worst state of the rails, no additional allowance can 
ever have to be made from the draught on account of 
its increase of leverage ; for the greater leverage of the 
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draught, does not, as I have said, in any degree affect 
the adhesion of the wheeb, it operates solely against 
the force of steam, which must always be iuUy adequate 
to counterbalance it, when the draught has been ad- 
justed to such low estimate of the adhesion. In proof 
of this, let us take the table of performance of a L. E. 
on inclined railways ; the contents are calculated, it will 

be remembered, from an adhesion equal to L £ x ^|.^o > 

being that under the most un&vourable circumstances ; 
and at every elevation of plane, the gross resistance R, 
of the gravity of tlie L.^E. and the draught, and of the 
friction of the draught, amounts to 777 lbs., to this add 

R X ^= 155*4, the additional resistance caused by the 

adoption of the sun and planet wheels, as before speci- 
fied, and we have at each elevation of plane, with the 
draught opposite to it in the table 777 + 155*4? = 932*4, 
which is little more than one-half of 1810 lbs., the 
greatest extraneous resistance that was found to be 
overcome by the steam power, when the adhesion did 
admit of it. 

I shall now make a comparison between the effect 
of the operation ,of L. Es. and of horses; and for this 
purpose I shall assume the speed, of the L. E. as only 
10 miles an hour; I shall suppose likewise that there 
are one or more inclined planes of ^ elevation in the 
course of its journey of, say 40 miles. I shall assume 
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a drau^t abo adjusted^ as in the Table^ to the wont 
state of the rails, which is thus BO tons ; we h«ve then 

* 

the journey of 40 miles performed in 4 hours, and the 
same back again, making 80 miles in 8 hours. With 
four horses we haye a railway coach of 2 Urns drawn 
also through 80 miles in 8 hoars i but the draught of 
the horses is equal only to o* of that of the L. £• : 
the performance of the latter is consequently equal to 
that of 60 horses on a railway. If the greatest inclina- 
tion emplane in the line of railway cannot be less than 
1 in 12O9 the draught of the L. £. being, by the Table, 
21 tons 6i cwt., say 90 tons, its performance will be 
equal to that of 40 horses on a railway : nor is the 
full amount of the superiority of the L« £. yet stated ; 
for while the 40 or 60 horses would, after having, as 
above, completed their day^s work, be obliged to receive 
that refreshment required for enabling them to under- 
take as much on the following day ; the L. E. would 
be capable of continuing its performance : ifc^ might 
convey passengers during the whole day, and coals or 
other goods during the night. I make no account of 
the increased difficulty that a horse will experience 
from carrying his own body up an ascent, because, on 
no railway, can this ever be worthy of notice. It does 
not seem necessary to embrace, in this comparison, the 
performance of horses on common roads or on canals. 
With respect to the latter, I shall only mention that, at 
a speed of 2 miles an hour, a horse has been found to 
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drag SO Ums on a canal; this shows a performance 
three times as great as that of a horse at the same 
speed on a railway ; but any degree of advantage con- 
tinues only till the q>eed reaches abcmt Si miles 
an hour; for, the increase of resistance to a body 
moving on water being as the square of its velocity, the 
draught of a horse on a canal becomes at S| miles an 
hour no greater than, on a railway. I am inclined to 
think, indeed, that the resistance on a canal must 
increase with the velocity in a considerably greater 
ratio than that indicated by the hydrodynamic law: 
because the water, when ccmfined between the banks of 
a narrow channel, must rise to a much greater height 
on the bow of a boat, than it would do in an open sea 
or lake. 

With regard to the expense of a L. E., we must 
always have a change with that in the value of coals in 
different places. Mr Wood states that, as an average 
of many situaticms, it may be Considered as equal to 
the expense of 3 horses; this, I have no doubt, is sub- 
stantially correct: I have been informed that ^350 is 
about the annual cost of a L. E. of the greatest power 
hitherto used, making allowance for interest and wean 
The annual cost of three horses, when we take into 
account their very inferior durability, and their being 
liable to many diseases and to sudden death, especially 
when employed in rapid travelling, may not differ 

H 
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mach from the above : it milst have no {dace in such 
comparative estimates, that those who are skilled in 
horse-dealing can manage to save themselves from 
some losses; for the loss must always fkU upon some 
bod J, and the nfiost experienced may in their turn be 
imposed on. The coals consumed by the L. E. with 
4 feet wheels, in conveying 50i tons, as before quoted, 
through a journey of about 11^ mile^ amounted to 
587 lbs.; or to 51-55 lbs. a milfe. ITie fuel required 
in a journey may depend in some degr^ ah the num- 
ber and elevation of the inclined planes ; but oh these, 
as tliey must form only a mmute proportion of any 
railway, the L. E. can, by diminishing its speed, and 
consequently its velocity of pistons, obtain a greater 
density and force of steam, while the rate of production 
of steam remains the same. 

We have thus in L. E^., one instance mor^ of the 
great command of power that is at^uired through the 
agency of steam; and of the superiority of machines 
when broiight into comparison witli ahttnals. Although 
L. Es. have, in several parts of England, been ren- 
dered very serviceable, and brought to a considerable 
degree of excellence ; they have yet been scarcely used 
but in private undertakings, and on a limited scale. 
They must therefore be considei'ed as being little be- 
yond their infancy; and the public advantages that 
will one day be derived from them, as probkbly greater 
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than have yet been conceived. They are chiefly defec- 
tive with respect to their performance on inclined 
planes : it occurs to me, however, that, by having the 
flauches of their wheels toothed, and by applying a 
rack->work on inclined planes, below the sur&ces and at 
the inner pides of the main rails, the adhesion of their 
wheels on inclined planes could be bcought ixp to the 
full amount of their steam power. The resistance that 
L. Es. could overcome on inclined planes, besides that 
of their working parts, would thus be raised from 
932*4 lb$. tp 1810 lbs.; and tb^ load drawn might 
consequently be at least 4.oubl.<6 of th^t shown at each 
elevation, in |;he Table; f9r the fvhole addition of 
resistance might l^e formed by additiopal draught. At 
all iQclinatioQs pf plane, indeed, un^er about } in 200, 
tl^e draught would come to be regulated by the adhe- 
sion upon a level. 

I bavenowy I beli.eye, fwifficieotly e;jcplai»^ the opera- 
tion x>f horses and of locomotive e^^es on railways ; 
together with the modifications in tl^eir performance, 
under different c^ircumstai^pes of elevajtion, load, and 
speed. With regard to the opinion which I have put 
forth conqemi^g Ip^omptive engiiijes, it will doubtless 
be, by some, regarded as extravagant. But | can only 
say that I advauiced towards it with th.e utmost caution, 
carefully parching fpr any incpnsistency ; and that I 
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have found it to be a necessary consequence of the 
principles of action that I have developed in these 
machines* It has become a sort of proverb among 
unthinking persons, that *^ what does very well in 
theory, may not do in practice." Now, when theory 
and experiment are not found fully to correspond, one 
of two things must be the case ; either, first, that, in 
the theory, all the circumstances of the subject have not 
been known and provided for; which just proves that 
the theory is not the theory of the matter at all : or, 
secondly, that experiment has not reached to the fiill 
extent that the theory did contemplate. The latter, I 
am surely entitled to say, is the state of the case in 
question. Indeed, in as far as experiments on locomo- 
tive engines have been carried, the results would appear 
to have rather exceeded, than otherwise^ what the 
theory holds out. 

I woidd not have it to be supposed, moreover, that I 
look upon the extent of power and speed, which I have 
taken into my calculations, as the utmost limit to these. 
I conceive that the scale of operation of locomotive 
steam engines can only be limited by the amount of 
population, and degree of productiveness of the district 
in which they are to become the instruments of com- 
mercial and general intercourse ; and I must say, that 
I look forward with confidence to a time when these 
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machines will, in such districts, have supplanted, in a 
great measure, the agency of animals in all the great 
purposes of communication.* 



* We hear that experimenta are being made relative to the emi^oy- 
ment of steam carriages on common roads. If these experiments should 
prove successful, as I have no doubt that they will, we shall find animal 
power give place to steam power even on common roads. By this appli- 
cation of locomotive engines, it occurs to me that a oonsiderahle saving 
may come to be attained in the eonstmction of nulways. The burden- 
carriages on a railway may be light and numerous, instead of heavyjand 
few ; or, if heavy, they may have their weight distributed over any num- 
ber of points of a railway, by a greater number of wheels — thus the 
strength and quantity of metal in rails is at present regulated by the 
weight of the locomotive engines used upon them : but if these shall be 
found to operate equaDy well with their travelling wheels applied on 
the stone part of a railway, the raDs may then be adapted for only the 
light pressure of the carriages in draught. When a locomotive engine 
is thus employed, it may, for the purpose of lessening the injury to the 
road, require to have the rims of its travelling wheels made of great 
breadth ; for this would, from distributing the bearing of its weight over 
a greater surface, diminish proportionally the adhesion and consequent 
wear at each point of contact on the road. 
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In the experiments on friction of wheel-carriages, I 
used one of those small carriages that are employed at 
collieries in conveying the buckets of coals from the 
mouth of the pit to the coal-heap. It was of nice ccm- 
atruction ; and the axles and wheels, which were of iron, 
were very justly fitted to each other. The plane on 
which I placed it was the roof of an office house, of the 
description that is covered with pitch and large sand, (NT 
very minute gravel ; this was well adapted for the pur- 
pose^ for though not so smooth as a railway, it presented 
a uniform sur&ce — ^it had a slight inclination just suffi- 
cient for lietting off rain water, and against this slope I 
made the carriage alwayis run. At the upper side of the 
slope I placed a ladder perpendicularly against the 
wall of the house, and divided and marked it off into 
equal spaces of one foot. I had a large pulley set out 
firom the roof of the house between the limbs of the 
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ladder ; over this a well oiled cord was passed, at one 
end of which was the carriage, and at the other the 
various weights that were employed to drag it The 
height of the roof being scarcely 11 feet, I was conse- 
quently able to obtain a series of only 3 spaces, adjusted 
by the law of gravity to 3 equal times. An assistant 
stood on the roof of the house to manage the carriage, 
and another sat on the wall head, with a stop watch to 
count the times, and I was on the ground with a chair 
and stool at the side of the ladder to enable me to follow 
the weight in its descent, with my eye and hand exactly 
level with a particular point marked on the weight, and 
to touch with chalk the point of the ladder to which the 
mark on the weight was opposite, at the end of each 
equal time called by the time-keeper. That the por-. 
tions of time might be as accurate as possible, I tried 
twice, or thrice, before each experiment, the number of 
seconds occupied by the weight in descending through 
the first space of one foot. The experiment was then 
begun— the time-keeper called sharply ** now ** as each 
of the three equal times expired, and at each call I 
marked with shalk the space described by the weight,^ 
in order to ascertain any variation from the law of 
gravity. I changed frequently the relative power and 
resistance, but I took no note of the absolute amoui^t of 
either, for this was nothing to the purpose. It did not 
answer to allow the power a very great preponderance; 
for when the times were under two seconds each, they 
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could npt be noted with accuracy, nor could I well 
keep pace with the rapidity of the weight's descent 
through the last two spaces. Thiese experiments I 
continued for two days, during upwards of two hours 
each day; and the results were perfectly satisfactory. 
The variation from the law of gravity was, when any 
did exist, always on the side of excess ; this amounted; 
two or three times at the beginning of the firi^ day,' to 
nearly six inches on the whole space described ; but on 
the second day I prevented it, in a great measure,' by 
moving the carriage for some time, and thereby breaks 
ing the consistency of the grease on' the axlei^ b^9]:« 
the experiments were commenced. After the ei^pert* 
ments had been continued for some time, the variation, 
when any took {dace, was generally less than I was able 
to perceive. We have thus one more' proof that the 
friction of wheel carriages is^equalin equal times,' with* 
out respect to their velocity of motion. - . 

I may here notice, that in some experitnents made 
on the friction of railway carriagies having fixed axles, 
it has been found that, when the surfaces of the bearings 
are small, the friction bears a greater proportion to the 
weight when such carriages are loaded than when th^ 
are empty ; this, I think, may readily be accounted for. 
The rubbing friction of metals has been found never to 
increase with the extent of surfaces in contact while the 
weight remains the same; because the greater the sur- 
face, the less is the pressure on each point of it. But 
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it is very conceivable^ that if the bearing surfiu^ of a 
given weight be r^uced beyond a certain degree^ t 
greater indentation said crushing of the obstacles w31 
take place^ that the i^ur&ce will in &ct approach more 
nearly to a sharp instniinent ;' hence are small bearings 
found to cut grooves in the axles of railway carriage, 
and to c^ibit a greater amount of firiction in propor- 
tion to the load they support. 

I shall now make a few remarks on that sort of 
firiction which I noticed in the text, as being different 
firom the firiction produced by mechanical obstacles 
oil sur&ces. It is a firiction of attrition, but it does 
not conform to the laws applicable to the others of 
that kind; for it increases with the velocity and witih 
the extent of rubbing surface. It occurs wheii various 
sorts of wood slide upon each other, or when metals 
slide on wood witibout having grease applied between 
the rubbing sur&ces; when grease is applied on hiEurd 
wood, however, as in the boxes of some wheels, the fric* 
tion is of the same nature as in metals. There is also 
on woods a greater resistance at the OHnikiencement of 
motion, or an inertia, as it i^ called, when the surfiu;es 
have remained for some time in contact: Coulomb 
found this in some cases to bear no less a ratio to the 
resistltnce after the motion had commenced, than that 
of 9*5 to 2*2. I have myself found, on placing a block 
of wood iq)on a board of uniform smoothness, which 
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was inclined so much as to cause the former to comr 
mence a descent by its gravity, that the block of wood 
had its velocity gradually diminished until its motion 
i^ally ceased altogether; then, after an instant, that it 
would commence moving again, and again gradually 
stop, and so on. 

To account for the increase of friction with the speed 
of motion on wood, Coulomb adopts the suppositicm 
diat its surface may be covered with imperceptible 
<^ downs." Doctor Brewster seems to adopt the same 
theoiy; ai^d says, that the greater the velocity, the 
greater will be the number of downs opposed to a 
moving body in a given time: this reasoning would 
have equal force to jprove, that friction increases with 
the velocity on idl sur&ces whatever. 

r 

The resistance peculiar to snrfiu^es of wood, J am 
inclined to ascribe to a cause quite distinct from what 
may be termed any mechanical obstacle. I conceive it 
to be chiefly of a chemical nature, and to arise either 
from the affinity of different substances towards each 
other, or from a tendency to aggregation. Most per- 
sons know that dry wood can be set on fire by rubbing, 
which is a display of chemical affinity or composition; 
consequently, any degree of rubbing may be supposed 
to produce a corresponding degree of the same ten- 
dency, and oxygen acts as a menstruum of cohesion or 



